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PREFACE 

Ttie  work  research  efforts  described  in  this  report  represent  the 
culmination  of  efforts  of  the  entire  staff  of  the  Aerospace  Instrumenta- 
tion Laboratory  of  the  Eiectro-Dynamics  Laboratories,  Utah  State  Univer- 
sity, Logan,  Utah.  The  contributions  of  A.T.  Stair,  Doan  F.  Kimball,  and 
Ned  Wheele"  of  the  Air  Force  Cambridge  Research  Laboratories  3re  acknowi- 
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INTRODUCTION 


The  primary  objective  of  the  research  performed  under  contract 
F19628-70-C-0289  was  to  design,  fabricate,  test  and  calibrate  two  circu 
lar-var iable  filter  spectrometers  of  high  sensitivity  to  be  flown  on 
vertical  sounding  rockets,  such  as  the  Black  Brant  VC,  for  the  purpose 
of  making  measurements  of  the  spectral  radiance  of  aurora  and  airglow. 
These  instruments  were  to  be  flown,  recovered,  and  refurbished  as  appro 
priate  to  provide  three  flights. 

Another  objective  related  to  this  contract  was  the  design,  fabrica 
lion,  test  and  calibration  of  a three-channel  scanning  radiometer  for 
the  measurement  of  atmospheric  emissions  in  the  night  time  equatorial 
sky.  The  instrument  was  fabricated  under  Contract  No.  F19628-67-C- 
0322  and  the  data  was  analyzed  and  reduced  under  Contract  No.  F19628- 
70-C-021 5. 

Another  objective  related  to  this  contract  was  the  design  of  a 
laboratory  spectrometer  preamplifier  to  be  utilized  in  a high-vacuum 
cryogenic  laboratory  system. 

This  contract  work,  and  this  report,  are  concerned  with  the  devel- 
opment of  the  instrumentation  hardware  and  evaluation  of  performance 
rather  than  with  the  evaluation  of  the  atmospheric  airglow  data  ob- 
tained in  most  cases. 
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THE  INFRARED  HELIUM-COOLED  CIRCULAR-VARIABLE  SPECTROMETER 


'n  total,  five  rocket  flights  were  conducted  under  two  contracts, 
two  u,  der  Contract  No.  FI 9628-67 -C-0322,  and  three  under  Contract  No. 
F1°628-70-C-0289.  Complete  listings  of  these  flights  with  details  of 
tne  rocket  flight.  Instrument  specifications,  atmospheric  conditions, 
results,  and  system  performance  are  given  in  Tables  I through  V.  These 
instruments  were  all  designed  to  obtain  measurements  of  atmospheric  ra- 
diations in  the  infrared  portion  of  the  optical  spectrum  using  cryo- 
genic low-temperature  techniques. 


Introduction 

The  last  two  rocket  flights,  were  flown  as  part  of  the  1973  and 

1974  "ICECAP"  Auroral  Measurements  Program  on  this  contract.  The 

instruments  used  on  these  flights  are  described  in  the  following  paper. 

Clair  L.  Wyatt,  "Liquid-Helium  cooled  Rocketborne  Spectrometer, 
Applied  Optics } submitted  for  publication  In  1974. 


Abstract 

The  infrared  spectrometer  that  successfully  recorded  atmos- 
pheric spectra  between  45  and  200  km  in  the  1973  and  1974  "ICECAP" 
Auroral  Measurements  Program  is  described.  The  instrument  contin- 
uously scanned  the  6.75-23.2  urn  spectral  region  at  the  rate  of  2 
scans  per  sec^su.  The  instrument  resolution  of  the  spectrometer, 
which  employed  a circular-variable  interference  filter  (CVF), 
ranged  from  3 to  4 percent.  The  entire  optical  subsection,  sili- 
con-arsenic detector,  CVF  irtran  VI  lens,  baffle,  and  removable 
cold  cover  were  cooled  below  I0°K  in  a high-vacuum  Dewar  system. 
The  noise  equivalent  spectral  radiance  (NESR)  of  the  spectrometer, 
at  22  pm,  was  1 x 10"“  watt  cm-2sr“1pm“1 . The  electronic  system 
was  dc  reset  with  an  opaque  mask  mounted  over  the  filter  segment 
joints  to  provide  a zero  signal  reference.  The  dominant  emission 
features  observed  on  both  flights  were  9.6  pm  0^  and  15  pm  C02* 
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TABLE  I 

Summary  of  First  Fiight 


Rocket:  Aerobee  150  No.  AA1 

Flight  Date/Time:  23  October  1969  / 00:05  hr.  L.T. 

Location:  Ft.  Churchill,  Manitoba,  Canada 

Instrument:  WW-12 

Detector  Type:  GE-Hg 

Free  Spectral  Range:  4.0  to  12.7  pm 

Resolution:  3-4  percent 

NESR:  3.5  x 10~8  (watt  cm-2sr-1pm-1 ) @ 11  pm. 

Scanning  Rate:  2 scans  per  second 

Conditions:  Class  1 Aurora 


Results:  Some  spectra  were  obtained  befween  68  and  124  km  at  9.6  pm. 


System  Performance:  A rapid  rise  in  temperature  occurred  beginning  at 

launch  resuiting  in  system  failure  due  to  the  detector  tempera- 
ture rising  ojt  of  specifications. 

The  77°K  blackbody  background  experienced  on  both  high  and 
low  gain  channels  resulted  from  2tt  steradian  baffle  radiation 
(out  of  the  fieid  of  view)  scattering  off  the  lens  into  the  field 
of  view. 

Every  aspect  of  the  instrument  design,  support  hardware, 
tower  facilities  and  monitoring  provisions  were  inconvenient  and 
reflect  lack  of  experience  in  handling  cryogenic  systems  at  the 
launch  faci I ity. 


Conclusion:  Some  usefui  data  were  obtained  as  later  flights  veri- 

fied. A major  vaiue  of  the  program  was  in  obtaining  fieid  experi- 
ence that  enabled  the  later  flights  to  become  successful. 


am 
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TABLE  II 

Summary  of  Second  Flight 


Rocket:  Black  Brant,  A16. 006-3 

Flight  Date/Time:  23  March  1971  / 23:26  hr.  L.T. 

Location:  Ft.  Churchill,  Manitoba,  Canada 

Instrument:  HS-1 

Detector  Type:  Ge-Hg 

Free  Spectral  Range:  4-13  pm 

Resolution:  3-4  percent 

NESR:  5 x 10-11  (watt  cm-2sr“1pm“1 ) % 11  pm. 

Scanning  Rate:  2 scans  per  second 

Conditions:  Class  1 Aurora 


Results:  Nj  useful  atmospheric  spectra  were  obtained. 


System  Performance:  The  cryogenic  system  performed  perfectly.  Tem- 

perature probes  Indicated  normal  temperatures  until  reentry.  Hold 
time  proved  to  be  about  four  hours. 

A hot  object,  probably  part  of  the  nosecone  or  removable  in- 
strument cover,  remained  in  the  field  of  view  producing  large 
scinfi I lations  in  the  output. 

A motor  shaft  coupler  failed  just  after  apogee  resulting  in 
failure  of  the  filter  drive  and  dc  reset  electronics. 

A long  time  constant  of  recovery  from  high  level  signals  w s 
observed  on  the  Ge-Hg  detector,  as  well  as  numerous  spike- 1 ike 
pulses  that  were  attributed  to  latural  gamma  ray  background  ex- 
citation of  the  detector. 


Conclusion:  A more  positive  method  of  disposing  of  the  clam  shell  nose- 

cone  and  removable  instrument  cover  was  needed.  The  filter  drive 
systeu;  consisting  of  mounts,  bearings,  and  couplers,  was  sub- 
sequently examined  and  modified  to  eliminate  failure  problems  in 
that  subsystem.  In  addition,  a study  of  the  long  time  constants 
and  gamma  response  of  Ge-Hg  was  undertaken  and  the  decision  made 
to  use  Si -As  in  the  future  flights. 
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TABLE  III 

Summary  of  Third  Flight 


Rocket:  Black  Brant,  A18. 006-5 

Flight  Date/Time:  5 December  1972  / 01:45  hr.  L.T. 

Location:  Ft.  Churchill,  Manitoba,  Canada 

Instrument:  HS-1B-1 

Detector  Type:  Si -As 

Free  Spectral  Range:  6.5-24  urn 

Resolution:  3-4  percent 

NESR:  1 x 10-11  (watt  cm-2sr-1um-1 ) g 22  ym. 

Scanning  Rate:  2 scans  per  second 

Conditions:  Class  1 Aurora 

Results:  Some  spectra  were  obtained  between  95  and  120  km  at  15.0  ym. 

System  Performance:  The  otherwise  successful  flight  was  compromised 

by  an  electrical  short  circuit  between  the  instrument  and  the  pay- 
load  that  introduced  excessive  noise  and  reduced  the  system  res- 
ponsivity  by  shorting  out  the  detector  bias. 

The  internal  calibration  functioned  properly  making  it  pos- 
sible to  put  absolute  numbers  on  the  airgiow  data  obtained  during 
the  ascent  and  decent  of  the  payload. 

Conclusion:  The  harnessing  of  the  payload  was  examined  and  it  was 

learned  that  a cabie  caught  on  the  instrument  cover  clamp  as 
the  nose  tip  opened  cutting  through  the  insulation,  resulting 
in  a ioss  of  det  ictor  bias.  The  harnessing  of  the  nose  tip  open- 
ing mechanism  wa  ; redesigned  to  eliminate  this  problem. 
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TABLE  IV 

Summary  of  Fourth  Flight 


Rocket:  Black  Brant,  A18. 006-2 

Flight  Date/Time:  22  March  1973  / 02:12  hr.  L.T. 

Location:  Poker  Flat,  Alaska 

Instrument:  HS-1B-1B 

Detector  Type:  Si -As 

Free  Spectral  Range:  7-23  urn 

Resolution:  3-4  percent 

NESR:  1 x 10-11  (watt  crrr2sr-1pm-1 ) @ 22  pm. 

Scanning  Rate:  2 scans  per  second 

Conditions:  Class  IBC2  post  aurorai  breakup. 


Results:  Completely  successful  with  spectra  being  obtained  continuous- 

ly between  42  and  185  km.  Major  emission  features  were  observed 
at  15.0  and  9.6  pm. 


. 

! 


Cone  I us i or, : The  total  system  consisting  of  payioad  and  instrument  have 

proven,  in  this  fiight,  to  be  a working  system  for  the  obtaining 
of  the  vertical  profile  of  overhead  atmospheric  spectral  radiance 
in  the  infrared.  The  iong  time  constant  of  recovery  from  large 
signals  wr.s  not  apparent  with  the  Si-As  detector.  Throughout  the 
entire  duration  of  the  fiight  only  severai  gamma  pulses  were 
recorded. 


I 
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TABLE  V 

Summary  of  Fifth  Flight 


Rocket:  Black  Brant,  A1 8. 006-4 

Flight  Date/Time:  14  February  1974  / 21:07  hr.  D.S.T. 

Location:  Poker  Flat,  Alaska 

Instrument:  HS-1B-2B 

Detector  Types:  Si -As 

Free  Spectral  Range:  7-23  pm 

Resolution:  3-4  percent 

NESR:  1 x 10-11  (w^tt  cm-2sr-1pm_1 ) § 22  pm. 

Scanning  Rate:  2 scans  per  second 

Conditions:  Quiet  Sky 

Results:  Completely  successful  with  spectra  being  obtained  continuous- 

ly between  67  and  200  km.  Major  emission  features  were  observed 
at  15  and  at  9.6  pm. 


Conclusion:  This  flight  confirms  that  the  payload  er d instrument  have 

proven  again  to  be  a working  system  for  the  obtaining  of  the 
vertical  profile  of  overhead  cTmospheric  radiance  in  the  long 
waveiength  infrared. 
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Fundamentals  of  Radiometric  Detection 

It  was  necessary  to  perform  some  very  basic  studies  in  order  to 
achieve  the  stated  contract  objectives.  Some  of  these  studies  resuited 
in  an  advancement  in  the  state-of-the-art,  while  other  studies  result- 
ed in  the  advancement  of  specific  technical  skills  by  USU  personnel. 

One  of  the  Initi  il  studies  is  related  to  the  area  of  fundamentals 
of  radiometric  dectoction.  This  study,  its  results  and  implications, 
are  discussed  in  th?  following  scientific  report. 

Clair  L.  WyatT,  Alvin  M.  Despain,  and  Doran  J.  Baker,  "An 
Optimum  System  Synthesis  for  Optical  Radiometric  Measure- 
ments", Scientific  Report  No.  1,  AFCRL-68-0329,  Contract 
No.  F19628-67-C-0322,  Electro-Dynamics  Laboratories,  Utah 
State  University,  Logan,  Utah;  June  1,  1968. 


Abstract 

The  minimum  detectable  signal  of  an  optical  radiometer 
was  optimized  as  a function  of  modulation  and  correlation 
waveforms,  and  relative  amplitudes  of  source,  reference,  and 
noise  levels.  The  mathematical  model  considers  the  radio- 
meter as  a device  to  estimate  the  variance  of  a Gaussian 
random  process  with  zero  mean.  It  was  found  that  the  optiruin 
system  is  one  which  "looks"  at  the  source  for  one  half  of  the 
period  and  then  abruptly  switches  to  the  reference  for  the  re- 
mainder of  the  period.  The  optimum  correlation  detection  wave- 
form is  realized  by  an  ideal  switch  which  reverses  polarity 
every  half  cycle.  The  optimum  modulated  radiometer  includes 
the  dc  (non-modulated)  radiometer  as  a special  case  for  which 
Mf  noise  and  drift  can  be  neglected. 

Because  of  the  relative  amplitudes  of  the  detector  noise 
and  the  unknown  and  source  photon  noise,  no  loss  in  optimality 
is  inferred  by  using  a non-zero  reference  source  such  as  is  re- 
quired in  a nulling  system. 

The  theoretical  results  for  three  commonly  encountered 
waveforms  were  computed  and  laboratory  measurements  confirm  the 
results  that  were  interpreted  in  terms  of  the  detector  parame- 
ter NEP.  These  are:  (1)  The  optimum  radiometer  as  described 

above  for  which  the  minimum  detectable  signal  is  Pm  = 2 NEP. 

(2)  The  sine  wave  radiometer,  which  utilizes  a tuned  ac  ampli- 
fier to  select  the  fundamental  sine  wave  component  of  the  mod- 
ulated signal  for  which  Pm  = 2.46  NEP.  (3)  The  radiometer 
which  produces  a triangular  wave  resulting  from  the  convolu- 
tion of  a chopper  blade  with  an  aperature  of  the  same  width  for 
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which  = ^ NEP.  The  experiment  demonstrated  the  feasibility 
of  the  optimum  system. 


Detector-Preamplifier  Interface 

Another  area  of  study,  that  was  directly  related  to  the  success 
of  rhis  program,  is  the  interface  between  the  extrinsic  infrared  de- 
tectors and  the  electronics.  Utah  State  University  engineers  achieved 
a major  breakthrough  In  the  area  of  cryogenic  preamplifiers  by  demon- 
strating the  superior  characteristics  of  the  negative-feedback  elec- 
trometer preamplifier.  This  amplifier,  now  known  as  the  trans-impedance 
amplifier  < T I A ) , is  used  almost  universally  by  the  infrared 
community.  The  following  three  papers  are  related  to  this  development. 

Clair  L.  Wyatt,  Doran  J.  Baker,  and  D.  Gary  Frodsham,  A Fre- 
quency Compensating  Electrometer  Preamplifier  for  use  with 
Helium-Cooled  Infrared  Detectors , paper  presented  at  the 
Sixth  Midcourse  Measurements  Meeting,  conducted  by  the 
Willow  Run  Laboratories  of  the  University  of  Michigan,  at 
El  Segundo,  California,  February  11,  1970. 


Abstract 


A low  noise,  operational  feedback  preamplifier  circuit  was 
developed  that  provides  frequency  response  compensation  for  the 
input  and  detector  capacitance  of  high  impedance  germanium  de- 
tectors. This  preamplifier  was  developed  for  the  first  rocket- 
borne  helium-cooled  spectrometer  which  was  flown  at  Ft.  Churchill, 
Manitoba,  Canada,  in  October  of  1969.  The  instrument  is  a low 
resolution  auroral  spectrometer  probe. 

The  time  constant  of  the  detector  preamplifier  system  is 
given  by  TQ  = RACf  + Cf)/A  where  R~  and  Cj  are  the  feedback 
parameters,  Cy  Is  The  total  input  and  detector  capacitance,  and 
A is  the  open  loop  gain  of  the  amplifier.  The  compensation  net- 
works also  emphasize  the  high-frequency  preamplifier  input  noise; 
however,  improvements  of  about  2 orders  of  magnitude  are  possible 
without  detector  D*  performance  degradation. 


D.  Gary  Frodsham  and  Clair  L.  Wyatt,  A Low  Noise  Prearr.Aifier 
for  Helium-Cooled  Infrared  Detectors,  paper  presented  at 
the  Eleventh  Midcourse  Measurements  Meeting,  Conducted  by 


■ 


' 


10 


the  Willow  Run  Laboratories  of  the  University  of  Michigan,  at 
San  Bernardino,  California,  April  20,  1971. 


Abstract 


Frequency  compensating  techniques  applied  to  helium-cooled 
infrared  detectors  operating  at  essentially  zero  background  are 
ultimately  limited  by  preamplifier  noise.  The  compensating  am- 
plifier can  nuil  out  the  frequency  roll-off  effects  of  input 
capacitance,  but  amplification  of  high  frequency  amplifier  noise 
and  capacitive  mlcrophonisms  are  limits  to  its  usefulness.  A 
detector-preamplifier  package  has  been  developed  to  adapt  low 
noise  silicon  JFETS  to  the  helium  temperature  environment.  The 
package  controls  the  JFET  temperature  at  approximately  77°K  by 
self  heating,  while  shielding  the  detector  from  hot  FET  thermal 
emissions.  Mlcrophonic  noise  is  minimized  by  keeping  the  leads 
short  and  by  holding  them  securely.  This  study  demonstrates 
that  the  limiting  noise  of  this  silicon  JFET  preamplifier  is 
lower  by  several  orders  of  magnitude  than  for  preamplifiers  us- 
ing MOSFETS,  germanium  JFETS,  or  vacuum  tubes. 


Ciair  L.  Wyatt,  Doran  J.  Baker,  and  D.  Gary  Frodsi.am,  "A  Direct 
Coupled  Low  Noise  Preamplifier  for  Cryogen i ca I I y-Coo I ed 
Photoconduct i ve  IR  Detectors",  Infrared  Phyeics,  accepted 
for  publication  in  1974. 


Abstract 


The  trans-impedance  preamplifier  (TIA)  is  a direct-coupled 
negative  feedback  operational  scheme  that  has  been  successfully 
applied  to  ultra-high  impedance  cryogen i ca I I y-coo I ed  photocon- 
ductive  detectors.  All  time  constants  associated  with  this  cir- 
cuit are  reduced  by  the  open- loop  gain  of  the  preamplifier. 

Such  an  amplifier  with  a transfer  impedance  resistor  of  9 x 1C10 
n yields  a frequency  response  that  is  flat  (i.e.,  uniform)  to 
700  Hz.  This  is  a factor  of  3800-times  the  uncompensated  detec- 
tor preamplifier  -esponse  of  0.184  Hz. 

The  TIA  amplifier  has  significant  advantages  over  the  more 
commonly  used  circuits.  These  result  from  the  virtual  ground 
which  provides  improved  linearity  since  the  detector  bias  vol- 
tage is  maintained  constant,  reduced  microphonic  sensitivity  and 
reduced  cross  talk  in  multiple  element  detector  arrays  since  the 
preamplifier  input  impedance  and  input  signal  voltage  are  both 
reduced  by  the  open  loop  gain  of  the  preamplifier. 

The  preamplifier  noise  in  the  TIA  scheme  degrades  the  de- 
tector detectivity  in  the  same  way  es  for  other  equilization 
schemes  and  must  therefore  be  minimized.  Relations  are  develop- 
ed that  yield  thermal  noise  and  preamplifier  noise  limitations 
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for  the  TIA  preamplifier. 

This  preamplifier  design  was  successfully  used  in  an  LWIR 
spectrometer  which  was  launched  on  a Black  Brant  VC  rocket  at 
Poker  Flat,  Alaska,  on  March  22,  1973.  The  spectrometer  obtain- 
ed auroral  emission  spectra  from  6.72  to  23.2  pm  over  an  alti- 
tude range  of  45-185  km.  Dominant  features  at  9.6  and  15  pm 
were  attributed  to  ozone  and  carbon  dioxide. 


Cold  Bearings 


Another  area  of  study,  that  was  directly  related  to  the  success 
of  this  program,  deals  with  the  problems  of  the  cooling  of  the  optical 
components  witnin  a high-vacuum  cryogenic  environment.  A major  goal 
of  the  HS-1  system  design  was  to  avoid  the  necessity  to  use  gaseous- 
helium  to  provide  thermal  contact  with  the  optical  components,  par- 
ticular the  motor  driven  circular-variable  filter.  The  following 
paper  details  the  results  of  that  successful  effort. 

Clair  L.  Wyatt  and  Ralph  H.  Haycock,  "High  Thermal  Conductivity 
Bearing  for  Rotating  Devices  at  Liquid-Helium  Temperatures", 
Review  of  Scientific  Instruments,  45(3),  pp.  434-437,  1974. 


Abstract 

A ball  bearing  of  high  thermal  conductivity  has  been  de- 
veloped to  provide  conductive  cooling  for  rotating  optical  de- 
vices at  2 rps.  The  bearings  are  made  of  pure  copper  which  is 
silver  coated.  The  bearing  and  hub  are  spring  loaded  to  pro- 
vide constant  contact  pressure  even  under  changing  temperature 
conditions.  The  bearing  can  cool  a 310  g circular  variable 
optical  filter  to  10K  within  83  min.  The  bearing  was  utilized 
in  a helium-cooled  spectrometer  which  was  launched  on  a Black 
Brant  VC  rocket  at  Poker  Flat,  Alaska,  on  22  March  1973,  dur- 
ing a condition  of  post  auroral  breakup.  Spectra  were  obtain- 
ed from  185  km  to  about  40  km.  Some  630  spectral  scans  cover- 
ing the  range  of  6.75  to  23.3  y were  telemetered.  The  special 
bearing  performed  well  through  all  portions  of  the  rocket 
trajectory. 
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Miscellaneous  Problems 

There  are  many  other  aspects  to  the  development  of  helium-cooled 
circular  variable  spectrometer  systems  in  the  general  areas  of  cryogen- 
ic, environmental,  radiometric,  optical,  and  electronic  system  design 
that  are  discussed  in  the  following  report. 

Clair  L.  Wyatt,  "Design  Evaluation  Report  for  Model  HS— 1 Helium- 
Cooled  Circular-Variable  Filter  Spectrometer",  Research  and 
Design  Evaluation  Report,  submitted  to  Contract  Monitor  Dean 
F.  Kimball  under  Contract  No.  FI 9628-72-C-0289,  Electro- 
Dynamics  Laboratories,  Utah  State  University,  Logan,  Utah; 
December  31,  1970. 


No  Abstract 


The  evolution  from  the  WW-12  system  (the  first  flight  instrument) 
to  the  HS— 1 system  (the  final  design  configuration)  Is  reported  In  de- 
tail in  the  Final  Report  on  Contract  No.  F19628-67-C-0322. 

Clair  L.  Wyatt,  "Infrared  Helium-Cooled  Circular-Variable  Spec- 
trometer (Model  HS— 1 )",  Final  Report,  AFCRL-71 -0340,  Contract 
No.  FI 9628-67-C-0322,  Electro-Dynamics  Laboratories,  Utah  State 
University,  Logan,  Utah,  September  15,  1971. 

h' I 

Abstract 

The  design,  evaluation,  calibration  and  post-flight  eval- 
uation of  a helium-cooled  circular-variable  filter  (CVF)  spec- 
trometer are  given.  The  system  uses  a 4-15  g CVF  and  a 
mercury-doped  germanium  detector  operated  under  helium  tempera- 
ture background  conditions.  Negative-feedback  frequency  com 
pensatlng  preamplifiers  and  dc  reset  signal-conditioning 
amplifiers  are  used  to  achieve  an  optimum  frequency  response  and 
sensitivity  combination  for  auroral  and  alrglow  measurements. 

A special  therma I ly-conductive  bearing  has  been  developed  to 
enable  the  rotating  CVF  to  be  cryogen lea  I ly  cooled.  The  In- 
strument was  successfully  launched  on  23  March  1971.  System 
performance  data  analyses  are  given  and  related  to  anomalous 
features  which  were  observed  in  the  data. 
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Preliminary  Data  Report 


Preliminary  data  reports  were  made  on  the  first  rocket  flight  of 
October  1%9,  the  second  rocket  flight  of  March  1971,  and  the  fourth 
rocket  flight  of  March,  1977,  as  follows: 

A.T.  Stair,  Jr.,  Results  of  the  Recent  Auroral  Probe  Flight , 
paper  presented  at  the  Fifth  Midcourse  Measurements  Meet- 
ing, conducted  by  the  Willow  Run  Laboratories  of  the  Uni- 
versity of  Michigan,  at  the  Institute  for  Defense  Analysis 
Arlington,  Virginia,  November  4,  1969. 


No  Abstract 


A.T.  Stair,  Jr.,  and  Dean  F.  Kimball,  High  Altitude  Radiance 
Measurements  wvth  the  Rocket  Borne  CVF  Spectrometer,  pa- 
per presented  at  the  Sixth  Midcourse  Measurements  Meeting 
conducted  by  the  Willow  Run  Laboratories  of  the  University 
of  Michigan,  at  the  Aerospace  Corporation,  El  Segundo, 
California,  February  11,  1970. 


No  Abstract 


A.T.  Stair,  Jr.,  Preliminary  Report  — Auroral  Flight,  paper 
presented  at  the  Eleventh  Midcourse  Measurements  Meeting 
conducted  by  the  Willow  Run  Laboratories  of  the  Universi- 
ty of  Michigan,  at  the  Aerospace  Corporation,  San  Bernardino 
California,  Apri I 1971. 


No  Abstract 


Clair  L.  Wyatt,  et  a I , Altitude  \ectral  Measurement  in  the 
LWIR  (U),  paper  presented  at  e Eighteenth  Midcourse 
Measurements  Meeting,  ,„.r  j-73-2,  SECRET,  af  the 

Defense  Advanced  Research  Projects  Agency,  1400  Wilson 
Boulevard,  Arlington,  Virginia,  March  1973. 


No  Abstract 
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The  rocket  flights  of  the  two  Infrared  helium-cooled  circular- 

variable  spectrometers,  during  the  1973  and  1974  "ICECAP"  Auroral 

Measurements  Program,  obtained  spectra  between  approximately  42  and 

200  km  over  the  spectral  range  of  7-23  pm.  The  following  paper  is  a 

preliminary  report  on  the  data  obtained  on  these  two  flights. 

A.T.  Stair,  Jr.,  James  C.  Ulwick,  Doran  J.  Baker,  Clair  L.  Wyatt, 
and  Kay  D.  Baker,  "Alt! rude  Profiles  of  Infrared  Radiance  of 
O3  (9.6  urn)  and  CO2  (15  pm)".  Geophysical  Research  Letterst 
1(3),  1974. 


Abstract 


The  infrared  spectrum  of  the  upper  atmospheric  emissions 
between  7 and  ?3  urn  has  been  measured  with  two  spectrometers 
carried  to  high  alt'tude  by  sounding  rockets.  Radiance  pro- 
files of  O3  (9.6  pm)  and  CO2  (15  um)  radiations  have  been  ob- 
tained to  nearly  100  and  150  km,  respectively. 


THE  THREE-CHANNEL  SCANNING  RADIOMETER 


Another  objective  related  to  this  contract  was  the  design,  fabri- 
cation, test  and  calibration  of  a three-channel  scanning  radiometer 
for  measurement  of  atmospheric  em is?; ions  in  the  night-time  equatorial 
sky.  The  instrument  was  fabricated  under  Contract  No.  F19628-67-C-032 
and  the  data  was  analyzed  and  reduced  under  Contract  No.  F19628-70-C- 
0215.  The  design,  development  of  the  instrument  is  given  in  the  fol- 
lowing report. 

Clair  L.  Wyatt,  "A  Three-Channel  Scanning  Radiometer  — Model 
WS-1",  Scientific  Repeat  No.  2,  AFCRL-70-0384,  Contract  No. 
F19628-67-C-0322,  Electro-Dynamics  Laboratories,  Utah  State 
University,  Logan,  Utah,  June  1,  1971. 


Abstract 


A three-channel  scanning  radiometer  was  launched  into  the 
equatorial  night  to  obtain  atmospheric  emissions  at  1.0, 


1.27,  and  1.6  micrometer  waveiengths.  The  combined  effect  of 
ACS  spin  and  instrument  scan  motion  provided  22  vertical  scans 
for  each  of  six  rocket  rotations.  Thus,  data  were  obtained  from 
vhe  solar-illuminated  twilight  to  the  night  sky. 

The  successful  iaunch  provided  good  data  on  the  hydroxyl 
and  oxygen  emission  bands.  The  signal  leveis  were  lower  in 
absoiute  intensity  than  expected;  da  fa  processing  is  recommend- 
ed to  achieve  higher  signai-to-noise  ratio,  interesting  vari- 
ation in  heights  of  the  emission  layers  were  observed. 


The  foliowing  two  reports  provide  a detailed  analysis  of  the  data 
acquired  with  the  thres-channel  scanning  radiometer  during  a night-time 
launch  at  Natal,  Brazil. 

Ruey  Y.  Han,  Lawrence  R.  Meg  ill,  and  Clair  L.  Wyatt,  "Reduction 
and  Analysis  of  Natal  Brazil  Flight  Data",  Final  Report , 
AFCRL-72-0018,  Contract  No.  F19628-70-C-0215,  Electro- 
Dynamics  Laboratories,  Utah  State  University,  Logan,  Utah, 
January  11,  1972. 


Abstract 


Observation  of  the  Equatoriai  1.27  Glow  Shortly  After  Sunset 

A rocket  was  launched  at  Natal  Brazil  (5.854°  S and  34.832° 
W)  on  9 March  1969,  approximately  2 hours  and  9 minutes  after 
local  ground  sunset.  This  rocket  carried,  among  other  instru- 
ments, a 1.27-u  photometer.  The  photometric  observation  was 
auxiliary  to  a horizon  scanning  experiment  and  as  a consequence 
viewed  the  1.27-u  radiation,  from  above  and  over  a larqe  dis- 
tance, which  may  be  interpreted  as  a range  of  locai  times.  The 
experiment  was  thus  abie  to  e\plore  the  time  decay  of  the  1.27-y 
emission  at  one  time.  The  height  of  the  emitting  layer  was  80 
±5  km.  The  brightness  (converted  to  overhead  intensities  as 
viewed  from  below)  was  about  200  ki loray leighs  in  the  east  and 
about  500  ki ioray leighs  in  the  west.  Details  of  the  intensity 
pattern  wi I i be  discussed. 


Ruey  Y.  Han,  L.R.  Meg  ill,  and  Clair  L.  Wyatt,  "Rocket  Obser- 
vation of  the  Equatoriai  02O&g)  Emission  After  Sunset", 
Journal  of  Geophysical  Research. . 73(27);  pp.  6140-6149. 
1973. 
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Abstract 


A rocket  was  launched  at  Natal,  Brazil  (5.854°  S and 
34.832°  W),  on  March  9,  1969,  approximately  2 hr  9 min  after 
local  ground  sunset.  This  rocket  carried,  among  other  instru- 
ments, a 1.27-y  radiometer.  The  photometric  observation  pro- 
vided vertical  scans  through  the  earth  limb  throughout  360° 
of  the  azimuthal  angle  and  as  a consequence  viewed  the  1.27- 
radiation  from  above  and  over  a large  distance.  The  region  un- 
der observation  covered  a period  of  time  ranging  from  1 to  2i 
hours  after  local  sunset  at  80  km  and  a range  of  latitudes  from 
4°N  to  16°S.  On  this  flight  a prominent  emitting  layer  with  a 
thickness  of  approximately  10  km  was  observed  at  80  ± 5 km. 

The  data  show  a decay  related  to  time  after  local  sunset  of 
this  layer  from  550  kR  in  the  west  (42°W)  to  250  kR  ir.  the  east 
(22°W) . An  intensity  pattern  that  is  about  twice  as  strong  at 
the  equator  as  at  12°S  was  also  observed. 


THE  LABORATORY  SPECTROMETER  PREAMPLIFIER 


Another  objective  related  to  this  contract  was  th"  design  of  a 
laboratory  spectrometer  preamplifier  to  be  utilized  in  a high-vacuum 
cryogenic  laboratory  system.  This  work  is  reported  in  the  following 
design  report. 

Clair  L.  Wyatr  and  David  E.  Morse,  "Design  Evaluation  Report 
For  Laboratory  Spectrometer  Preamplifier,  Model  LSP-1", 
Research  and  Design  Evaluation  Report , submitted  to  Contract 
Monitor  Dean  F.  Kimball  under  Contract  No.  F19628-72-C-0264, 
Electro-Dynamics  Laboratories,  Utah  State  University,  Logan, 
Utah,  30  Apri i 1974. 


No  Abstract 


MULTIPLEXED  SPECTROMETER  STUDIES 


One  other  paper  resulted  from  this  study  and  represents  a probe 
into  other  possible  applications  of  low-background  detector  technology. 


This  is  in  the  application  of  mult'pexed  dispersive  spectrometers  to 
cryogen i ca I I y-coo I ed  LWIR  detectors. 


Clair  L.  Wyatt  and  Roy  W.  Esplin,  "Multiplexed  Di spers ive  Spec- 
trometers Using  Reduced  Background  IR  Detectors",  Applied 
Optics,  13(  ),  1974. 


Abstract 

The  application  of  multiplex  spectrometry  to  cryogen ica I - 
ly-cooled  LWIR  extrinsic-photo  detectors  is  limited  by  system 
noise.  This  noise  limitation  results  in  a detector  NEP  that 
is  directly  proportional  to  bandwidth.  Therefore,  multiplex 
schemes  that  require  increased  bandwidth  are  not  productive  of 
real  advantage.  However,  doubly  encoded  systems  that  are  based 
upon  2n-1  or  n+N-1  measurements  have  the  potential  to  provide 
a real  throughput  gain  proportional  to  the  number  of  elements 
used  on  the  throughput  matrix. 


